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Project Overview

Objectives Method / Timeline

Aug Sep Oct Nov Dec Jan

* Enhance capability & seaplane awareness

» Explore suitable platforms to :- Literature search

— enable ‘force closure’ ~ seabase / shore Characterization :—

arrival & assembly of force

Tech extrapolation

— meet other potential mission roles ~ in-flight 5
evelop concepts
refueling 1
8 18 A S&T ts.
» Study seaplane performance & characteristics e

» Identify technology capability gaps for 2010+

Deliverables/Qutputs B

» Seaplane database available for parametric
studies of seaplanes

SDOI’ZSOI" « Design concepts of potential seaplanes &
interfacing with seabase identified

* Document research through technical paper rr

» Assessment of technology requirements for
2010+ identified =~




Seaplane Background




Background

Utilization of Seaplanes

— Military
« fighter, bomber/patrol, ASW, trooper

— Commercial

* passenger, cargo, leisure & commuting
— Multipurpose
« firefighting, search / rescue, & medivac




Background

Otherforms of seaplanes (landing gear systems)

— SKi
* hydraulic jacks / pantograph
* retractable skis

» amphibious

— Hydrofoill

* retractable hydrofoil

De Havilland XC8a Buffalo

— Air Cushion
* air-bag cushion

« amphibious




Background

Development of Seaplanes ~ Timeline

Concept — Boeing Ultra pelican

Man-on-moon 1970 —
Concorde




Background

The rise and fall of Seaplanes

Seaplane Development

* Initiated through flight development & military
needs

« Commercialization ~ global civilian passenger
transport

Decline of Seaplanes

» Surplus war airfields ~ lack of sea-port
terminals/infrastructure

» Improved land aircraft & equipment
» Maintenance issues
* Reduced military interest for seaplanes

Martin P6M Seamaster

Importance of Seaplanes

« Airfield shortages near cities

* Poor reliability & efficiency of land planes
in comparison to seaplanes

- Safety for over-water flights

Convair R3Y Tradewind A

B Y
Renewed Interest in Seaplanes
!’ :
» Improve ~ speed & range (aerodynamic}lulls
&lightm 2 s r - e 4l
« Betterr imen ¢ ground & cargo handling
; 99
techniquc - - 7




Background

Rich USN Seaplane Legacy

* QOperated seaplanes ~ +50 years
 Thousands in service

PBY Catalina
217 - PB2Y Coronado\A
1,366 - PBM Mariner
284 - P5M Marlin
464 - HU-16 Albatross

6 - JMR Mars
11 - R3Y Tradewind

Number Built for US Navy

BPBN-1| 5 026 USN aircraft & 1,255 non-USN




Characterization of Seaplanes
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=%,  Characterization of Seaplanes

Literature Search

1 NER

@?T_s/ Seaplane Database
Seaplane Database

INSTRUCTIONS
Select 'wiew All Records' records to browse all the Seaplanes in the database.
. Select etther a Manufacturer', 'Model' or ‘Seaplane Type' from the drop down menus
to restrick your search,
ecords

Vievs all R

» 244 Seaplanes

* Time period: 1910 — 2003

* MTOW: 1000 Ibs — 400,000 Ibs

* Range: 100 miles — 11,000 miles

2

Parametric Study

» Understand Seaplane capabilities

Visw Al Rscorids Mol [ ]| |
Seaplane Type lﬁ e

Number of Records in Database | 240
Frepared by U Mol af SIS0, MSWE Carderock

» Identify opportunities

* Aid in Seaplane Conceptual Design

]

Advanced Concepts

* Identify Science & Technology

requirements




Parametric Study
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Parametric Study
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Parametric Study
SEAPLANE INITIAL SIZING
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Parametric Study
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180 passengers

368 kts v Time to Deploy
s

73 lifts

Seaplane

Parametric Study
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Parametric Study
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Rough Water Operation
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g @ Rough Water

Operation

* Reliable rough water operation is crucial

— Take-off

— Landing

— Taxiing

— Load/unload

— Survival
 Demonstrated in gales
» Appropriate mooring systems

100

° 75 Worldwide .
D
A // Open Ocean
= 50
]
£ 25 5
S >
0 . 2
0 5 10 15 1. 20
Wave Height (ft) :

* Required operabillity is undefined

— Operations through SS 4 selected as target
* Good rough water performance data is

Scarce




Rough Water Operation
Anatomy of an Aborted Take-off

<3 sec
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“Porpoising worst when stability limits close together
& porpoising frequencies = rate of striking crests”

Perception — consequences of loss of control are critical
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Characteristics
MTOW (Ibs)
- sheltered water 94,800
- open ocean 79,400
Speed (knots) 230
Range (nm) 2,300

Mission SAR '|.~ Toue

112
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Shin Meiwa US-1A
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July. 1976~ March. 2002

¥ rfd
Technology i
1967 delivery A
Hull P
- slender hull

- spray suppression sysi



Wave height (ft)
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Shm Meiwa US-1A - 79,000 1b Aircraft
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Rough Water Operation

Rapid take-off & landing i1s important

- awareness of sea surface and weather

- exploit benign patches of water
- STOL technology
- power

. 0.18-
0.16+
0.14
0.12+
0.1
0.08+
0.06+
0.04-
0.02-
0_

N

Power to Weight ratio (lhp/lb




CEi) Rough Water Operation

Summary

Seabasing missions likely to require
— large seaplanes
— rough water operation

Current technology suggests seaplane operations
possible through SS 4 & into SS 5

No significant investment in critical seaplane
technologies for 40 years -

Potential for S&T investment X
« seaplane seakeeping theory \%
— advanced hulls

— non-conventional landing systems
— active motion control systems / ," >

« STOL

- All weather sea surface monitoring & prediction A,, 7
e E . e







Aircraft Safety
Equipment

Surface
Traffic Control

Tie Downs / Vil 4
Anchorage Unloading BT i
J Surface TS )
Refueling o e
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eYSE .
i) Issue 1: Mooring

Mooring of seaplane in water for stowage, refueling, unloading, loading, maintenance

British Anti-Snatch System

Concept

Military Use

* Refueling aircraft — OPDS

» Stowage of aircraft

* Transfer of payload to and from seabase
* Light maintenance of seaplane

» Avoid removal of seaplanes from water

» Anchor on seaplane allows it to ‘snap’

onto buoy

 Restoring force is a smooth function of

displacement

* Proven to allow seaplane to ride out gusts

of 100 knots.

» Possibility of leaving seaplane at sea.
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Issue 2: Docking

Transfer of equipment and personnel — one of the biggest issues of seabasing

Military Use

* Transfer of payload and personnel
» Heavy maintenance

» Reconfigure mission

» Safe haven

ITS Definition

* Heavy lift ship
» ~20 list applied to enable;

» LCACs to ‘park’ on deck
» LCUs to drop bow ramp on deck edge
* Minimize angle of Ro/Ro stern ramps

Features

* Ramp on ITS

» Seaplane taxis up = crash barrier, winches
» Seaplane could be winched up

» Undocking — reverse thrust, turntable,
conveyor belt

 Tiedowns / anchorage

Concept

I
3

Other Unloading Concepts|
« Inverted weapons bay doors (crane) E U‘ .
* Bow / Stern doors (ramp)

 Detachable cargo container

»

¥

5
S
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Restrain yaw and lateral
separation




{3 7 “; Issue 3: Interaction with Seabase Environment

Concept

Requirements

* Surface and air traffic control — heavy seabase
traffic.

* Identify landing areas, taxi-ways, parking
zones — HUD's for aircraft

» Aircraft movement during the night also
- (Submerged?) Buoys with lights
- Floodlights
- Ability to turn lights on and off

* Operational area management

- pollution, intruders

- maintenance of lights, markers, buoys
- sea condition sensors

- crash & rescue / salvage

- floating debris




Military Use

* Logistics delivery to shoreline
» Medivac rescue
» Civilian evacuation (humanitarian reasons)
« Joint operation use (USMC, USAF,
Coast Guard, etc...)
* Maintenance

Issue 4: Beaching

Features

» Beaching wheels (or amphibious)
- Advantage of not carrying cradle weight,
self sufficient

* Ramp, extending into water.

* Remove completely from water
- Compare Tradewind beaching
problems

Other Concepts

* Air cushion landing system
* Floating piers

Concerns )ﬁ |

* Not all beaches are the same — currently L
investigating areas where beaching is possible.

YT
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Seaplane Conceptual Design |




* Force closure
* Logistics delivery

 Refueling

Secondary L

* Reconnaissance

» Search & rescue
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Desion Requirements

Aircraft weights & Payload

* MTOW ~ 300,000 Ibs

 Cargo :-

30 tons (60,000Ibs), 180 troops (incl. baggage),

ISO containers (8.5’ x 8 x 20’), Pallets

Army/Marine vehicles, Helicopters, UAV’s, USV’s, UUV’s

Speed
* Cruise at Mach=0.6 (~ 420 kts at sea level)

Range
* 1000 nm radius fully loaded (2000 mile range)

Seakeeping
* Unlimited operations in SS4, restricted operations in SS5

Design
« Wing loading < 90Ib/ft?, Aspect ratio ~10

Features

* Multiple in-flight refueling of jet fighter aircraft
 High winged, with high mounted turboprop engines
* Beaching gear

* Thrust reversing

* Fully amphibious (alight & t/off from land &water)

e Seaplane Conceptual Design

Seaplane Concept

Aircraft weights (Ibs)
+ MTOW = 252,000

* Empty weight = 117,000
* Fuel weight = 73,710

Payload & Cargo

* Payload weight = 60,000 Ibs

« Cargo volume =5,110 ft3

» Cargo = 180 troops incl. equip.
8.5’ x 8’ x 20’ containers
military vehicles, RHIB’s

Speeds (kts) & Range

» Max speed = 370 (425 mph)

* Cruise speed = 368 (423 mph)
* Min speed = 108 (124mph)

« Stall speed = 83 (96 mph)

* Range = 2000nm

Aircraft (fuselage) geometry
L, W, H=1441ft, 13.7ft, 25.4ft
* Wing span, b = 163 ft

* Wing area, S = 2,650ft? 1

* Draft =5 ft (4
TEFGY

Aerodynamic parameters B A

* L/D = 12.5 (estimated)
* Cp = 0.0258 (estimated)
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Seaplane Conceptual Design

Comparison of conceptual design

Shin Meiwa C-130J Seaplane Design C-17 C-5
US-1A Concept

MTOW (lbs) 94,800 155,000 252,000 585,000 840,000
Payload (lbs) 30,000 34,000 60,000 170,900 270,000
Empty weight (Ibs) 56,200 79,291 117,000 278,000 337,935
Length / Height (ft) 110/ 33 98 /39 144 /43 174 | 55 247/ 65
Wing span, b, (ft) 109 132.6 163 171 223
Wing Area, S (ft°) 1,460 1,745 2,650 3,800 6,200
Range, (nm) 2,300 1,600 2,000 4,741 6,320
(with payload)
Cruise Speed, (kts) 230 362 368 450 450




Summary

o
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Summary

Background Seaplane Characterization
* Project overview « Functional characterization
* Seaplane (historical) development « Seaplane database assembled & near
« Importance of seaplanes completion for parametric studies
« Seaplane decline » Parametric data presented

* Renewed interest in seaplanes

Seaplane / Seabase Integration

» Identified roles and capabilities required for seaplane / seabase interaction
» Generated concepts to meet mission roles

» Seaplane - seabase interfacing ~ technical issues highlighted

Seaplane Design S&T requirements \
* Design criteria identified » Advanced hulls (geometry & material) }F.
» Conceptual design of aircraft * Non-conventional landing systems

* Active motion control systems
* STOL techniques
* Reduce water spray

» Sea surface monitoring & prediction
i — o I



Conclusion

» Seaplanes have a potential role in seabasing

« Advanced technology seaplane provides useful capabilities

— Force closure
— Heavy lift seabase to shore su?glnment
— In-flight refuelling_

T —_
e
-

« S&T investment needéd for advanced technology seaplane

. IS S @
* Integration of se?@nes into seabase raises issues ,_ 'E!ﬁ
— Transfer of personnel/cargo from seaplane is critical N

=

* |dentifiable ways of dealing with major seabase interface issues
- Evaluation through trials is recommended
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